INTRODUCTION
The coconut palm (Cocos nucifera L.), belonging to the family Arecaceae, is a very important crop in tropical areas. Crop improvement in coconut is diffi cult and time consuming due to its long tree pre-bearing age, high heterozygosity, long interval between generations and exclusively seed propagated nature (Arunachalam and Rajesh, 2008; Rajesh et al., 2014a) . Since the availability of superior quality planting material is essential for crop improvement, tissue culture is considered as an important tool for the rapid multiplication of elite coconut genotypes (Fernando et al., 2010) . Unfortunately, coconut is a highly recalcitrant species with respect to tissue culture. Many explants have been tested, including immature infl orescence (Branton and Blake, 1984) , immature embryos (Gupta et al., 1984) , immature leaves (Raju et al., 1984; Buffard-Morel et al., 1992) and the results obtained indicate that regeneration can be achieved, but is rather diffi cult. Somatic embryos, developed from plumular explants, were capable of germination and subsequent development into plantlets, which could be successfully transferred to nursery (Chan et al., 1998; Rajesh et al., 2005 Rajesh et al., , 2014a .
Somatic embryogenesis, which forms the basis of cellular totipotency, consists of various developmental stages of somatic cells towards the embryogenic pathway (Chugh and Khurana, 2002) . Induction of embryogenic calli is the critical step for the success of plant regeneration and this depends on medium condition, growth regulators, seasonal variation etc (Rachmawati and Anzai, 2006) . Some of the major bottlenecks in somatic embryogenesis in coconut include lower rate of formation of somatic embryos, dissimilar response of various explants, abnormalities and poor establishment of in vitro regenerated plants (Fernando et al., 2010) .
Somatic cells attain embr yogenic potential by reprogramming of gene expression (Chugh and Khurana, 2002; Solis-Ramos et al., 2012) . Various genes are induced during somatic embryogenesis which results in the synthesis of new mRNA and proteins; some of well-studied genes include SERK (Somatic Embryogenesis Receptor Kinase), LEC (Leafy Cotyledon), GLP (Germin-like Protein), GST (Glutathione-S-transferase), ECP (Extracellular Protein), WUS (Wuschel) and PKL (Pickle) (Solis-Ramos et al., 2012; Smertenko and Bozhkor, 2014) .
In recalcitrant species such as coconut, the differential gene expression studies during somatic embryogenesis are limited and focussed on a few genes like cyclin-dependent kinase gene (CDKA) (Montero-Cortes et al., 2010a) , KNOTTEDlike homeobox gene (Montero-Corte et al., 2010b) and SERK gene (Perez-Nunez et al., 2009) . In coconut, transcriptome analysis of embryogenic calli derived from plumular explants of West Coast Tall (WCT) cultivar resulted in the identifi cation of fourteen genes; the expression patterns of these genes were validated in six development stages using RT-qPCR . Studies on changes in gene expression patterns during maintenance of embryogenic potential of calli in WCT palms have also been carried out and differential expression patterns were noticed in two stages viz., initial embryogenic calli (21 days old) and long term embryogenic calli (21 week old) . As an extension of these two work, the present study was undertaken to compare the culture response from shoot meristem explants and gene expression patterns during various in vitro developmental stages in two cultivars of coconut, a tall and a dwarf, using RT-qPCR. We have also conducted a comparative study on gene expression patterns in embryogenic and non-embryogenic calli in these two cultivars, which forms the fi rst such study in coconut.
MATERIALS AND METHODS

Plant material
Harvesting of matured nuts, aged 11-12 months old, was carried out in two cultivars viz., West Coast Tall (WCT) and Chowghat Orange Dwarf (COD) from palms located at farm at ICAR-CPCRI, Kasaragod, Kerala, India. The nuts were dehusked and cut open and embryos with endosperm were excised using a cork borer, placed in distilled water and taken to the laboratory. In a laminar air-fl ow chamber, the endosperm plugs containing the embryos were washed with 0.01% HgCl 2 for 5 minutes and rinsed 3-4 times with sterile distilled water to remove the traces of HgCl 2 . Later, excision of the embryos was carried out from the endosperm plugs, the embryos were surface sterilized with 20% sodium hypochlorite NaClO solution for 20 minutes and subsequently washed for 5-6 times with sterile distilled water. Shoot meristems were then excised from the sterilized embryos and inoculated in to callus induction medium.
Callus induction and somatic embryogenesis
For callus induction, the plumular tissues were inoculated into full strength Y3 basal medium (Eeuwens, 1976) supplemented with 2,4-dicholorophenoxyacetic acid (2,4-D, 74.6 μM), Thidiazuron (TDZ, 4.5 μM), sucrose (87.6 mM) and charcoal (1 g/l) (Rajesh et al., 2005) . After adjusting the pH to 5.8, the medium was autoclaved at 121°C for 20 min. The excised shoot meristem explants were inoculated into callus induction media and kept for incubation in dark at 27+2 o C. The initial calli obtained were subcultured into media supplemented with gradually reducing concentrations of 2,4-D (45.24 μM and then to 22.6 μM) in the later stages. A polyamine (spermine, 50 μM) and a cytokinin (TDZ, 4.5 μM) were also incorporated in this medium for better multiplication of callus in embryogenic stage. Hormone-free Y3 basal medium supplemented with high concentration of charcoal (2.5 g/l) was used for maturation of somatic embryos. BAP (22.2 μM) along with glutamine (34.2 μM), GA 3 (2.8 μM) and 2,4-D (0.045 μM) were utilized as regeneration medium Bhavyashree et al., 2015) . BAP was increased gradually (66.6-88.8 μM) in later stages for shoot regeneration. High concentration of α-naphthalene acetic acid (200 μM) was used in the rhizogenesis medium. After two weeks of incubation, plantlets were transferred to a hormone-free medium.
Statistical analysis
Each treatment was conducted in three replications and designed as Completely Randomized Design (CRD). Around 50 shoot meristems from each cultivar were utilized for each replication. Observations were recorded for embryogenic calli induction, number of somatic embryo formation and number of meristemoids. Observations were also taken for abnormal tissues such as nonembryogenic calli, abnormal somatic embryo and abnormal meristemoids. The results obtained were analyzed in a two way ANOVA by using SAS software. Level of signifi cance was represented by CD at 5%.
RT-PCR analysis
Total RNA was extracted from embryogenic calli (60-days old, after second subculture), non-embryogenic calli (60-days old, after second subculture), somatic embryo (150-days old, after fourth subculture), abnormal somatic embryo (150-days old, after fourth subculture), meristemoids (120-days old, after fourth subculture) and abnormal meristemoids (120-days old, after fourth subculture) using Nucleospin RNA plant kit (MachereyNagel) and integrity, concentration and quality check and DNase l (Fermentas) treatment were performed. Reverse transcription was performed with High Capacity RNA-tocDNA kit (Life Technologies) using aliquots of total RNA extracted. The cDNA samples were diluted to 20 ng/μl.
The sequences of the selected primers for the eight genes analyzed using RT-PCR studies were considered from a previous study . The reaction mixture for RT-PCR consisted of 2 μl of 10X reaction buffer, 2 μM of each forward and reverses primer, 0.8 μl of 10 mM dNTP mix, 1 μl of synthesized cDNA and 1 U of Taq polymerase. RT-PCR reactions were performed using thermal cycler (BIORAD) with the following cycling program: 1 min at 94°C, 30 cycles of 30s at 94°C, 1 min at 55°C, 1 min at 72°C and a 10min extension at 72°C, with a negative control.
RT-qPCR
All RT-qPCR were performed using SYBR Green PCR Master Mix (Applied Biosystems) in Step One™ Real Time PCR system (Perkin-Elmer Applied Biosystems) with the following standardized conditions: initial holding stage 52°C for 2 minutes, 95°C for 10minutes, followed by 40cycles at 95°C for 15seconds and a fi nal step at 60°C for 1minute . All reactions were carried in triplicates. The relative quantifi cation in gene expressions of somatic embryogenesis receptor-like kinase (SERK), leafy cotyledon (LEAFY), WRKY, wuschel (WUS), extracellular protein (ECP), germin-like protein (GLP), glutathione-stransferase (GST) and pickle (PKL) were determined by means of 2 -ΔΔCt method (Livak and Schmittgen, 2001 ) by normalizing to α-tubulin, which was used as the internal control gene (Rajesh et al., 2014b) .
RESULTS
Callus induction and somatic embryogenesis
Excised shoot meristem of WCT and COD showed initial callus induction after 25 days of incubation in dark. Some of the cultures showed severe browning and abnormal growth. The initiated calli were chopped and subcultured to a medium incorporated with 2,4-D (45.24 μM), TDZ (4.5 μM) and spermine (50 μM). Embryogenic calli were formed after 55-60 days of incubation in this media in both WCT and COD cultivars ( Fig. 1a and b) . Abnormal and compact calli were also formed in some of the cultures in this media. Conversion of embryogenic calli to compact calli was observed in both the cultivars (Fig. 1c and d) . Embryogenic calli were multiplied and proembryos were initiated in a medium supplemented with 2,4-D (22.6 μM), TDZ (4.5 μM) and spermine (50 μM).
Proembryos, formed after 120 days of incubation, were inoculated into a hormone-free media for the maturation of somatic embryo. From Table 1 , it is evident that formation of somatic embryos were more in WCT cultures (Fig. 1e ) compared to COD cultures ( Fig. 1f ; Table 1 ). Some of the proembryos showed abnormal growth ( Fig. 1g and h ).
Somatic embryos were subcultured in a regeneration media containing BAP (22.2 μM), GA 3 (2.8 μM), 2,4-D (0.045 μM) and glutamine (34.2 μM). The gradual increase of BAP (66.6-88.8 μM) in later stages of culture resulted in shoot regeneration.
Some of the embryogenic cultures also showed meristemoid type of growth. Meristemoids showed the presence of 4-5 shoot meristems ( Fig. 1i and j) whereas some cultures showed abnormal development of meristemoids ( Fig. 1k and l; Table 1 ). High concentration of α-naphthaleneacetic acid (200 μM) was used for root initiation in case of meristemoids (Fig. 1m) . Abnormal development of shoots were also observed from abnormal meristemoids (Fig. 1n) . After two weeks of incubation, plantlets were transferred to hormone-free medium. According to statistical analysis, it was noticed that the response of embryogenic calli, somatic embryo, meristemoid was found to be signifi cant. The formation of embryogenic calli, somatic embryo and meristemoids and abnormal somatic embryo was signifi cantly higher in case of WCT compared to COD. However, percentage of non embryogenic calli and abnormal meristemoids were also high in case of WCT compared to COD, but it was not signifi cant (Table 1) .
Gene expression studies
Total RNA was extracted from embryogenic calli, nonembryogenic calli, somatic embryo, abnormal somatic embryo, meristemoids and abnormal meristemoids of WCT and COD ( Fig. 2a and b) . The expression patterns of eight genes were analysed in six different stages. RT-PCR reaction was used to amplify the eight genes and a specifi c single PCR product was obtained using the gene specifi c primers (Fig. 2c) . By using the gene specifi c primers, RT-qPCR was carried out to study the gene expression patterns in different stages of in vitro culture. Amplifi cation plot (Fig. 2d ) and melting curve analyses (Fig. 2e ) of eight candidate genes in each sample pointed out that the eight primers produced a single PCR amplicon without any non-specifi city. It was found that a defi ned amplifi cation Enhanced expression of PKL, SERK and WUS genes was observed in case of embryogenic calli compared to nonembryogenic calli ( Fig. 3a and b) . Enhanced expression of ECP gene was observed in somatic embryos of both WCT and COD compared to other genes. In cases of GLP and GST expression was relatively less compared to ECP. A 10-fold increase in the activity of ECP gene was noticed in somatic embryo of WCT when compared to COD variety.
In case of abnormal somatic embryos, expression of ECP, GST and GLP was quite low (Fig. 3c and d) . In case of meristemoids, LEC expression was enhanced compared to other genes. In case of abnormal meristemoids, there was decreased expression of ECP, GLP and WRKY ( Fig. 3e and f) . α-tubulin real time profi ling clearly indicated its stable expression in all the biological samples used for normalizing data.
RT-qPCR analyse was also utilized to compare the expression patterns in the two cultivars. It was also noticed 
DISCUSSION
Somatic embryogenesis is a process wherein somatic cells undergo a chain of morphological, biochemical and molecular modifi cations resulting in the formation embryogenic cells (Karami et al., 2009 ). These changes involve differential gene expression patterns which have been reported to possess vital roles in the molecular regulation of the process (Chugh and Khurana, 2002) . Coconut is a highly recalcitrant species with respect to tissue culture with somatic embryo formation and plantlet formation being the major bottlenecks yet to be overcome.
Among the different explants, somatic embryos initiated from plumular tissues were found to possess enhanced response potential while considering calli formation and development of embryogenic competence (Hornung 1995; Chan et al., 1998; Oropeza et al., 2005; Rajesh et al., 2005 Rajesh et al., , 2014a . The present study describes a comparative study of induction of embryogenic calli and somatic embryogenesis and pattern of gene expression in various developmental stages of in vitro regeneration derived from shoot meristem explant in two coconut cultivars.
Induction of callogenesis and somatic embryogenesis in coconut requires a strong auxin stimulus, which is achieved by supplementation of 2,4-D in the medium (Hornung, 1995) . According to Verdiel and Buffard-Morel (1995) 2,4-D was crucial for both activation as well as division of the undifferentiated cells of explants resulting in callus formation. In the present study, initiation of calli was noticed after 25-days of incubation in medium supplemented with 24-D (74.6 μM) and TDZ (4.5 μM). Rajesh et al. (2005) had earlier reported initiation of calli after four weeks of culture incubation from perivascular strands of the leaf primordia from plumular explants utilizing the same medium. We also observed that the use of TDZ in combination with 2,4-D in the initial medium gave enhanced callogenesis, which was in agreement with the results obtained earlier in coconut by Rajesh et al. (2005) . Initiated calli were further chopped and inoculated to decreased concentration of 2,4-D. Embryogenic calli started to multiply after 30 days of incubation in this medium.
Proembryo formation was observed from the embryogenic calli after 90 days of culture incubation. Later, these proembryos were transferred to hormone-free media for the maturation of somatic embryo. In case of oil palm, embryo development was observed in a hormone-free liquid medium (Touchet et al., 1991) . Somatic embryos were subcultured to a media incorporated with BAP (22.2 μM) along with glutamine (34.2 μM), GA 3 ( 2.8 μM) and 2, 4-D (0.045 μM) for regeneration. The gradual increase of BAP (66.6-88.8 μM) in later stages resulted in shoot regeneration. However, Chan (1998) used a regeneration medium which was supplemented with 2,4-D (1 μM) and BAP (50 μM), and reported that germination of somatic embryo was observed after three months of incubation.
Somatic embryo maturation is commonly accomplished with growth regulator-free medium in many crops. However, in coconut, workers have reported that once the nodular calloids were formed, the gradual reduction in the auxin concentration with a corresponding increase in the cytokinin level in the subsequent subculture was necessary for initiation and development of embryoids. The reduction in auxin level has to be gradual and in a controlled manner to achieve balanced development of plantlet with a well organized shoot meristem and normal adventitious root formation. Sudden removal of auxins resulted in massive development of haustorial tissue and precocious root proliferation at the expense of continued shoot meristem development (Branton and Blake, 1983) . In coconut palm somatic embryogenesis, the lowering of 2,4-D concentration followed by addition of BAP was found to be essential for the complete bipolar differentiation of the embryo (Verdeil et al., 1994) . Merkle (1995) reported that the supplementation of cytokinins during the histodifferentation phase could compensate for the detrimental effects of auxins on meristem development. In the present study, exogenous supplementation with either cytokinins/polyamines, in the presence of decreasing concentrations of an auxin, was found to be essential for somatic embryo maturation/meristemoidal development and regeneration into normal plantlets. The auxin-cytokinin/ polyamine interaction might have had a decisive effect on the hormonal regime of explant proliferation and eventual embryogenesis/organogenesis in coconut. Ammirato (1987) pointed out that normal development of somatic embryos required a fine temporal and spatial regulation of cell division, enlargement and differentiation. Growth regulators may exert multiple effects in these processes depending on the concentration or on the embryo stage at the time of application.
Quantitative RT-PCR data analysis were done to study genes which were expressed during various developmental stages of embryogenic calli and somatic embryo. However, the RT-qPCR gene expression were carried out in case of Cichorium intybus by Delporte et al. (2015) . In his study, validation of reference genes for quantitative realtime PCR analysis of gene expression was described to understand the biochemical pathway. They identifi ed the best reference gene i.e., Clath (Clathrin adaptator complex subunit) by using real-time PCR. In case of Jute, the realtime PCR was carried out to analyze the gene expression under stress treatments (Niu et al., 2015) . From this study, reference genes for biotic and NaCl stress i.e., ACT 7 and RAN were screened to normalize the data and for gene expression study, under PEG stress, UBC and DnaJ were recommended. In case of cassava, reference genes were validated for relative gene expression by using RT-qPCR (Hu et al., 2006) . From this study, it was revealed that, under specifi c conditions, varieties, hundreds of genes in the genome of cassava showed low level of expression than traditional reference gene. Higher expression of ECP gene was noticed in somatic embryos of both WCT and COD, compared to rest of the tissues. Enhanced activity of ECP was reported during the torpedo stage of somatic embryo in case of carrot (Kiyosue et al., 1992) and Arabidopsis (Yang et al., 1996) . High expression of GLP was seen in case of somatic embryo, in case of embryogenic calli it was comparatively less, but in other explants, its expression was quite low. Earlier studies reported the presence of GLPs in the extracellular compartment of stage-one somatic embryos as demonstrated by David et al. (1996) . However, in case of wheat, GLP genes were often expressed during callus stage (Caliskan et al., 2004) and early stages of somatic embryos (Thompson and Lane, 1980) . Somatic embryos of WCT and COD showed the higher expression of GST which was quite low in rest of the tissues. However, abundant expression of GST was noticed during auxin induction and somatic embryogenesis in grape, which was suggested that GST gene plays an important role to accomplish the embryogenic competence (Malabadi et al., 2013) . In case of cichorium, GST gene was linked to early stages of somatic embryogenesis (Galland et al., 2007) . Increased activity of LEC was observed in the meristemoids of both WCT and COD. In case of somatic embryo, expression was comparatively less. In contrast to these results, Ledwon et al. (2009) reported increased activity of LEC during somatic embryogenesis compared to other developmental stages in Arabidopsis. However it was reported that during early embryogenesis LEC genes are mandatory to identify suspensor cell fate and cotyledon in Arabidopsis (West et al., 1994) .
Embryogenic calli of both WCT and COD showed enhanced expression of PKL. PKL gene has earlier been reported to be a part of gibberellin-modulated developmental switch which functions during germination and it causes transcriptional repression of genes coding for leafy cotyledon (LEC) and seed storage proteins. Thus it ensured that traits which are expressed during embryogenesis are not expressed after germination (Ogas et al., 1999; Nolan et al., 2006) .
Embryogenic calli of both WCT and COD showed the higher expression of SERK compared to other stages. In an earlier study in coconut (Perez-Nunez et al., 2009) , increased expression of a SERK gene, CnSERK, was seen to occur in meristematic centers, where the embryogenic structures were formed the somatic embryos eventually, thus suggesting that CnSERK expression could be utilized as a marker to check the cell competence to initiate somatic embryos in coconut tissues cultured in vitro. Furthermore, it has been reported that in case of cocoa, TcSERK was highly expressed in embryogenic tissues as well as zygotic and somatic embryos (Marcelo et al., 2005) . In carrot cell suspension culture, SERK functioned in a signal transduction pathway early in the somatic embryo formation (Schmidt et al., 1997) . SERK gene has been considered as a characteristic marker to differentiate non-competent embryogenic cells from competent cells (Chugh and Khurana, 2002 ).
Higher expression of WRKY was observed in the meristemoids of both WCT and COD compared to somatic embryo and embryogenic calli. However, Rensing et al. (2005) reported enhanced expression of WRKY during somatic embryogenesis in Cyclamen persicum. Embryogenic calli of both WCT and COD showed increased expression of WUS compared to somatic embryo. Similar results were reported by Ying et al. (2009) in Arabidopsis where the high expression of WUS could be observed in the case of embryogenic callus compared to somatic embryos. Ectopic expression of WUS has also been reported to support vegetative to embryogenic conversion in Arabidopsis (Zuo et al., 2002) .
CONCLUSION
From the above study, it was revealed that in embryogenic calli there is an enhanced expression of PKL, SERK and WUS compared to other stages. High expression of ECP, GST and GLP could be observed in somatic embryos whereas meristemoids showed high expression of WRKY and LEC. When the two cultivars were compared, embryogenic calli of WCT showed higher expression of SERK, PKL and WUS compared to COD. Somatic embryo of WCT showed high expression of GST and GLP compared to COD. In case of WRKY and LEC, high levels of expression were observed in meristemoids of WCT compared to COD. These genes could therefore be useful as developmental markers for somatic embryogenesis in coconut in particular. These results suggest existence of genotypic differences in regeneration potential and gene expression patterns in coconut.
